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length of EU membership is found to have a significant positive effect on 

economic growth, which is relatively higher for poorer countries. The existence 

of a growth bonus from EU membership appears inconsistent with neoclassical 

exogenous growth theory. While previous empirical studies tend not to find 

positive growth effects of regional integration, the present study suggests an 
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Abstract

The e¤ect of European integration on long-term growth of the cur-
rent EU member states is studied by means of panel data methods.
The length of EU membership is found to have a signi…cant positive
e¤ect on economic growth, which is relatively higher for poorer coun-
tries. The existence of a growth bonus from EU membership appears
inconsistent with neoclassical exogenous growth theory. While previ-
ous empirical studies tend not to …nd positive growth e¤ects of regional
integration, the present study suggests an asymmetric, convergence-
stimulating impact of EU membership on long-term growth.
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1 Introduction
For the last 50 years there has been widespread discussion about the eco-
nomic consequences of European integration. The basic questions are: Is
economic integration growth enhancing? Are the rich getting richer and the
poor getting poorer, or will the income levels of the EC/EU member coun-
tries converge as a consequence of integration? Furthermore, which countries
will pro…t most from intensi…ed trade among the members?

The theoretical literature on economic growth has gone through several
phases, and the answers to the above questions depend on the speci…cation
of the respective growth model.

From the late 1950s to the mid-1980s the simple Solow-Swan exogenous
growth model dominated the literature (Solow, 1956). According to the neo-
classical theory, the economy converges towards a steady state due to di-
minishing returns to investment in physical capital. Assuming a constant
population, the long-run growth rate is solely determined by the rate of
technological change, which is assumed to be exogenous. As the growth rate
is therefore independent of any economic behavior, economic policy changes
will only have a temporary e¤ect on economic activity.

The same is true for economic integration. Technological change is con-
sidered a public good common to all countries, so that they all share the same
long-run growth rate determined by technological progress only. Therefore
the integrated economy will expand along this unchanged steady state growth
path in the long run, and the reallocation of resources will only temporarily
have an in‡uence on the growth rate. Hence according to the neoclassical
view of growth, European integration should not have a lasting e¤ect on
growth rates. However the income levels should converge perfectly.

In the mid-1980s the so-called endogenous growth theory revolutionized
the literature on economic growth (Romer, 1990). Technology that was for-
merly considered a public good and exogenous now became endogenous and
subject to decision-making processes at individual …rms. According to this
concept, enterprises have an incentive to invest in research, as the devel-
opment of new technologies assures them of the possession of temporary
monopoly power. But the absorption of monopoly rents is limited, as knowl-
edge is only partially excludable. Patent protection is limited in time, and
inventions can be used as input to further research and new technological in-
novations. These knowledge spillovers prevent the …rms from collecting the
full monopoly rent for their new inventions.
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The aspect of the new growth theory according to which technological
progress depends on the research activities of individual …rms which seek to
collect monopoly rents opens a new view on the issue of economic growth
in an integrated region: now an increased scale of the economy will have a
lasting positive e¤ect on growth. On the one hand, knowledge spillovers im-
ply increasing returns to scale to capital accumulation. On the other hand,
the monopoly rent increases with the number of consumers while the costs
for research and development are independent of the size of the economy.
The prospect of higher pro…ts increases the incentive for further research
and hence spurs economic growth. These two factors together imply that the
long-run growth rate increases with the size of the economy.1

To sum up, the consequences of European integration are fundamentally
di¤erent within the framework of endogenous growth. The more countries
join the Economic Union and hence the larger the scale of the integrated
economy is, the higher the incentive for R&D is and, accordingly, the higher
the growth rate is. Enhanced growth is now not only a transitory, but a
permanent phenomenon from which all countries pro…t in the long run.

Most empirical papers on economic growth aim at detecting the main
determinants of long-run growth without referring explicitly to regional in-
tegration (for European regions see, e.g., Sala-i-Martin, 1996). The …rst
papers dealing with the question of a possible growth bonus associated with
European integration were all cross-country studies. Basically, they compare
EU members with other countries that have not joined the European Union,
mostly countries at a similar stage of development. The basic question is
whether there exists a global growth bene…t from being a EU member. Most
of the studies do not …nd any such growth bonus (see e.g., De Melo et al.,
1992 or Landau, 1995).

However, panel data regression techniques opened up a new way to deal
with the question of possible growth bene…ts associated with EU member-
ship. Focusing exclusively on the current EU member states the basic ques-
tion then can be whether in retrospect they pro…ted from regional integration.

There are two studies which ask questions similar to the ones discussed
1A countervailing e¤ect of integration which could work in the opposite direction to

the one described in the text refers to the fact that, in a larger market, competition is
more intense and monopoly rents are smaller and more short-lived. However, empirical
research on the e¤ect of trade integration on growth suggests a dominant role of the growth
enhancing e¤ect. See below for some references.
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in our paper, although they look at a wider set of countries and do not
exclusively focus on EU members.

Vanhoudt (1999) tests the validity of the neoclassical implication that re-
gional integration has no impact on long-term growth against the alternative
model based on endogenous growth theory. He carries out panel data regres-
sions on 23 OECD countries to check whether EU membership had a positive
impact on growth compared to developed countries which have not joined the
European Union. He does not …nd evidence of a signi…cant long-run growth
bonus associated either with EU membership or with membership length.
Also, the results do not support the hypothesis of a scale e¤ect on growth.
The author concludes that the neoclassical hypothesis cannot be rejected by
the data.

Henrekson et al. (1997), who focus on EC as well as on EFTA mem-
ber countries, …nd the opposite result: EC/EFTA membership may increase
growth rates signi…cantly, by around 0.6 to 0.8 percentage point per year.
However, apparently it does not matter whether a country is an EC or an
EFTA member. Their results support the hypothesis that regional integra-
tion in Europe can have signi…cant growth e¤ects and suggest that further
regional integration may be growth enhancing in the long run. However, the
results of the paper are not completely robust with respect to changes in the
model speci…cation.

Both these studies and the present paper deal with the question of whether
European integration had a positive impact on long-term growth in the mem-
ber countries. Our study, however, deviates from the other two in that it
exclusively focuses on the current EU member states2 and on the issue of
convergence within the integrated European economy. Our questions are:
Have per capita income levels in European countries converged towards each
other since the 1960s? And if EU membership had a favorable impact on
growth in these countries, can we detect subsets of countries that pro…ted
more than average from EU membership? Can we conclude from these asym-
metric gains in growth that convergence was also a consequence of intensi…ed
economic involvement due to European integration?

The paper is organized as follows. Section 2 gives a short overview of the
di¤erent concepts of convergence and presents some …rst results. In section
3 we introduce the speci…c econometric form of our growth model and its
extensions and report the empirical results. Section 4 concludes and makes

2Another recent contribution to this branch of literature, Badinger (2001), focuses
exclusively on European countries using a somehow di¤erent approach and …nding again
no evidence for a growth bonus of EU membership.
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propositions for further research. Details about the data and the econometric
speci…cation can be found in the appendix.

2 Convergence and growth in the EU - con-
cepts and …rst results

The term ¯-convergence was coined by Barro and Sala-i-Martin (1992) and
refers to the negative correlation between initial levels of real GDP per capita
and its average yearly growth rate either after conditioning for certain control
variables (conditional ¯-convergence) or without conditioning (unconditional
¯-convergence). For a complete survey on the empirical literature dealing
with evidence on ¯-convergence, see, e.g., Durlauf and Quah (1998).3 To-
gether with the concept of ¯-convergence, Barro and Sala-i-Martin (1992)
introduce the complementary concept of ¾-convergence, which refers to the
decrease of the dispersion of real GDP per capita across economic units
through time. It should be noted that ¯-convergence is a necessary but not
su¢cient condition for ¾-convergence.

Figure 1 shows the evolution of real GDP per capita between 1960 and
1998 in the …fteen current EU member states to provide a …rst visual ap-
proach to the study of convergence in the EU. Evidence of ¯-convergence is
di¢cult to extract from the graph, but becomes clearer when we use a scat-
ter relating initial levels of real GDP per capita to average growth. Figure 2
shows a scatter plot aimed at checking for (unconditional) ¯-convergence in
the European Union for the period 1960–98: on the x axis, the (log) level of
real GDP per capita is represented, while the y axis shows the average yearly
growth of real GDP per capita in the period 1960–98. A visual inspection
points at a negative relationship between both variables.

This …rst indication of convergence is con…rmed by dividing the data into
four subperiods (1961–70, 1971–80, 1981–90, 1991–98)4 and estimating the
¯ parameter in the panel regression

[ln(yTt;i) ¡ ln(y0t;i)]=nt = ®+ ¯ln(y0t;i) + ut;i; (1)

3Notice that this approach is not free from criticism. For a critical view and alternative
concepts of convergence based on the time series properties of real GDP per capita, see,
e.g., Bernard and Durlauf (1996).

4A minimum amount of eight years seems reasonable for studying long-term growth
features, because thus business cycle ‡uctuations are eliminated.
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where yTt;i refers to the real GDP per capita in the last year of period t
(t = 1; 2; 3; 4 stands for each of the subperiods described above) for country i,
y0t;i refers to the value of real GDP per capita in the initial year of period t and
nt is the number of years in period t. Equation (1) has been estimated based
on di¤erent assumptions for the error term, and the results are presented in
Table 1 .5 The …rst column shows the result for the assumption that the error
term is independent of the cross-sectional units (countries) and iid normal
(that is, the panel is estimated as if it were a cross-country regression). The
second column shows the results for the assumption of …xed country e¤ects,
that is,

ut;i = ¹i + ²t;

where ¹i is a country-speci…c constant and ²t is white noise. Finally, the
third column shows the estimated ¯ under the assumption of …xed country
and time e¤ects, that is,

ut;i = ¹i + ¸t + ²t;

where ¹t and ²t are de…ned as above, and ¸t is an exclusively time-dependent
constant e¤ect.

All speci…cations reported in Table 1 point at the existence of very sig-
ni…cant unconditional ¯-convergence across the current EU members for the
period 1960-98.

Figure 3 shows the evolution of the cross-country coe¢cient of variation
of per capita GDP for the period 1960–98. By visual inspection the trend
is clearly decreasing, indicating ¾-convergence. Whether the standard devi-
ation in the …nal period is signi…cantly di¤erent from that of the …rst period
can be tested using the T2 test statistic developed by Carree and Klomp
(1997),6 which is Â2(1) distributed under the null hypothesis of no ¾ conver-
gence. The value of T2 for the EU data is 4.46, which indicates rejection of
the null of no ¾-convergence at a 5% signi…cance level.

5Throughout the study, Luxembourg was excluded from the estimations for two reasons:
It is typically considered an outlier, and no data on average education years is available
for this country in Barro and Lee (2001).

6The T2 test statistic is de…ned as

T2 = (N ¡ 2:5) ln
·
1 +

¾̂2
0 ¡ ¾̂2

T

4(¾̂2
0¾̂

2
T ¡ ¾̂2

0T )

¸
;

where N refers to the number of countries, ¾̂2
0 and ¾̂2

T are the cross-country variances of
real GDP per capita in the initial period and the …nal period, respectively, and ¾̂0T is the
covariance between initial and …nal real GDP per capita.
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3 Growth and EU membership

3.1 The basic model and some extensions
In order to study explicitly the determinants of long-term growth in Europe
in the last four decades, equation (1) will be extended by including an aug-
mented set of explanatory variables. The obvious candidates to form part of
the group are those variables which are explicitly implied by economic the-
ory and which have been used in virtually every empirical study on economic
growth: the initial (log) level of per capita GDP – evaluated in our case at
the …rst year of each subperiod –, the investment rate – subperiod average –
and some proxy for human capital – average years of education of population
over 25, evaluated at the …rst year of the subperiod.7

Together with these basic variables others which are considered to be rele-
vant to economic growth have been included in the econometric speci…cation.
The speci…cation in which all the estimated models presented in Table 2 are
nested is:

[ln(yTt;i) ¡ ln(y0t;i)]=nt = ¯1ln(y0t;i) + ¯2INVt;i + ¯3EDt;i + ¯4INFt;i +
+¯5GOVt;i + ¯6OPt;i + ¯7Y EAt;i + ut;i; (2)

where ln(y0t;i) is the (log) initial GDP per capita of country i in subperiod t,
INVt;i is the investment rate, EDt;i refers to the years of education, INFt;i
is the subperiod-average in‡ation rate, GOVt;i is government consumption
over GDP, OPt;i is openness of the economy de…ned as trade over GDP, and
Y EAt;i is the average length of EU membership (in years) for country i in
subperiod t.8 The error term ut;i is assumed to be composed by a constant
country-speci…c e¤ect and a common constant time e¤ect, although in the
estimation the latter will only be included if found signi…cant.

Table 2 shows the results of the estimation of the di¤erent speci…cations
of our growth model.

7Empirical studies dealing with a more heterogeneous set of countries tend to include
population growth as an explanatory variable. In our case, the variable appeared insignif-
icant in every speci…cation in which it was included and was therefore not added to the
set of explanatory variables. The same occurred when a socio-demographic variable like
female participation in the labor market was used. A possible explanation of the lack of
signi…cance of labor participation would be the high correlation between this variable and
initial GDP.

8For Germany we use data for West Germany until 1991, and for the uni…ed Germany
from 1991 onwards. Initially, an additional dummy variable was included in order to
account for the German uni…cation, but it appeared insigni…cant in all speci…cations. For
further details on the data, see appendix.
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In a …rst step, growth is regressed on initial GDP, the investment rate
and the years of education. All coe¢cients in the …rst column have the
expected signs. Growth depends negatively on initial GDP, indicating ¯-
convergence. The investment rate enters positively (see, e.g., Barro, 1991,
Levine and Renelt, 1992). Turning to education, most authors …nd that the
overall level of education is growth enhancing (see, e.g., Barro, 1991).9 Our
positive coe¢cient for the average years of education seems to support this
result, although it is not signi…cant at the 10% level. A similar result is
found, e.g., by Levine and Renelt (1992).

In a second step, the in‡ation rate, government consumption over GDP
and openness of the economy are added to the model as variables. The inclu-
sion of these three variables does not change the signs of the …rst three factors,
as can be seen in the second column. In‡ation enters the equation with a
negative sign, indicating the growth-hampering e¤ect of high increases in the
price level (for a detailed study on this relationship, see Barro, 1995). The
minus sign of the coe¢cient for the government consumption ratio implies a
negative relationship between government expenditures and growth. Other
empirical studies, e.g., Barro (1991) and Barro (1997) also found this result.
The intuition is that government spending has only a temporary in‡uence
on growth, while in the long run the growth-hampering impact of high debt
levels as a consequence of excessive government spending as well as possible
allocative ine¢ciencies predominate. In our case, however, the coe¢cient is
not signi…cant (a result also found by Levine and Renelt, 1992). Finally the
coe¢cient for the openness of the economy is signi…cant and shows the ex-
pected positive sign, supporting the view that trade stimulates growth. This
result is also found by Harrison (1995), Sachs and Warner (1995).

In the …nal step, the model is modi…ed by inclusion of the subperiod-
average number of years since a country’s accession to the European Union.
Notice that, having controlled already for openness, the EU membership
variable will re‡ect growth e¤ects of regional integration di¤erent from those
directly related to trade.10 The positive and signi…cant coe¢cient in column
3 indicates that the longer a country has been a member of the EU, the
more it pro…ts from membership. The inclusion of this new variable leaves

9There is, however, some indication that primary education has a negative impact on
growth, see, e.g., Barro (1997).

10The fact that our openness variable is de…ned as trade over GDP implies that trade-
related technology absorption is already partly captured by the positive coe¢cient for
OPt;i. This is expected to actually reduce our coe¢cient for the impact of the EU mem-
bership variable and reinforces the importance of technological spillovers as a driving force
for growth.
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the signs of the other coe¢cients unchanged. The coe¢cient for education is
still positive, but it is now signi…cant at the 5% level. This extended model
explains 78% of the variation in growth.

To check for robustness the model is also estimated without government
consumption, as the coe¢cient proved insigni…cant in models 2 and 3. How-
ever, the other coe¢cients remain practically unchanged, some of them be-
coming even more signi…cant. This strengthens the robustness of our previous
results.

The e¤ect represented by the coe¢cient of the variable Y EAt;i a¤ects
only countries that have been members of the EU for at least one year in
a given subperiod. It could be the case, however, that a larger regionally
integrated space has an e¤ect also on the growth rates of countries that do
not form part of it yet. In order to check for this possibility and to shed a
light on whether membership is actually required for gaining growth bene…ts
from regional integration, the model was reestimated by replacing Y EAt;i
with a scale variable common to all countries but variable in time, which
captures the size of the regionally integrated unit. We used three di¤erent
speci…cations of the scale variable (aggregate population, aggregate GDP
and aggregate labor force), and the coe¢cient always appeared positive, but
insigni…cant. Therefore, the growth bene…ts associated with regional inte-
gration seem to be due to formal participation in the union.

Another objection to our conclusion could be that it is not EU member-
ship itself that enhances growth, but that the accompanying stability mea-
sures for nominal macroeconomic variables had a positive impact on growth
performance. Partly this was already accounted for by including the in‡a-
tion rate as an explanatory variable. To check in addition for the impact of
a potential decrease in the exchange rate volatility caused by EU member-
ship, the standard deviation of the exchange rate against the US dollar for
each country was included as an additional independent variable. However,
its coe¢cient appeared insigni…cant in all speci…cations. This indicates that
exchange rate policy does not explain the existence of a growth bonus asso-
ciated with EU membership.

To sum up, our model so far explains a considerable part of the variation
in growth, and the results strongly support the hypothesis of (conditional)
¯-convergence: poorer countries have caught up with the richer ones since
the 1960s, and the rate of convergence is found to be between approximately
3.5% and 5.5%, depending on the speci…cation used.11 Furthermore, the

11The rate of convergence has been computed as ¸ = ¡[1 ¡ exp(¯T )]=T , where ¯ is the
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coe¢cients support the hypothesis of a positive impact of investment, edu-
cation and openness on growth, as well as a negative impact of high in‡ation
rates. Finally the results not only point at a growth-enhancing e¤ect of EU
membership, but they also show that this e¤ect gained importance over the
duration of membership.

3.2 Who pro…ts most from EU membership?
One interesting extension to the basic models is to look in more detail at
the …nding that EU membership is growth enhancing and furthermore be-
comes even more so the longer a country belongs to the confederation. A
particularly interesting question is whether a subgroup of countries pro…ted
more from EU membership than other countries. The idea is to divide the
sample of countries into subsets with respect to one of the other variables
and to investigate whether the coe¢cient for the years of membership di¤ers
signi…cantly across subgroups.

One basic way to do that would be to split the sample according to a
priori de…ned rules. For example one could de…ne poor, medium and rich
countries by setting the borderline income levels. The threshold panel data
technique, however, o¤ers a more neutral approach. It allows to test whether
such subgroups can be found at all and how many subsets are appropriate.
Furthermore, it estimates explicitly the borderline income levels. The main
advantage of this approach is that it avoids ad hoc de…nitions of subgroups,
but tests the hypothesis of the existence of subsets against the alternative of
no division of the sample.

In our extension of the basic model we test whether countries with a lower
initial per capita income level pro…ted more or less from EU membership than
more developed countries. If subsamples according to initial income levels
can be identi…ed and the coe¢cient for the years of EU membership is sig-
ni…cantly higher for initially poorer countries, this would be an indication of
increased economic convergence as a consequence of European integration.
If, however, we get the opposite result, this would indicate that the initially
richer countries are also the ones which pro…t most from intensi…ed economic
involvement.

Table 3 gives the results of the threshold estimation, and Table 4 presents

coe¢cient corresponding to initial GDP per capita, and T is the subperiod length. The
expression for ¸ results from the log linearization around the steady state in the classical
Solow model.
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the parameter estimates of the threshold model. For the details concerning
the threshold panel data technique see appendix. The estimation procedure
identi…es exactly one threshold at a level of (log) initial GDP per capita
equal to 9.8 (approximately, USD 18 000). A 95% con…dence interval around
the threshold estimate computed using the empirical likelihood function is
[9.70, 9.81]. The test for linearity rejects the null of no threshold e¤ect at a
5% signi…cance level, and the null of one threshold cannot be rejected when
tested against the alternative of two thresholds.

Looking at the original data set, we see that at the beginning of our
sample, that is in 1960, all countries had an initial income level below the
threshold. In 1970 Denmark and Sweden had broken through the threshold.
Ten years later, six more countries had followed and only the incomes of
Greece, Ireland, Italy, Portugal, Spain and the United Kingdom remained
below the threshold. In 1990, …nally, the income levels in Italy and the UK
exceeded the threshold income level, so that the subgroup of less developed
countries was now limited to the classical catching-up countries Greece, Ire-
land, Portugal and Spain. Towards the very end of our data set, the income
level of Ireland, which recently experienced two-digit growth rates, exceeded
the threshold level.

The next step is to divide the sample in each period according to this
threshold and rerun the panel regressions. The results are shown in Table 4,
where we now have a separate coe¢cient for the length of EU membership
for each subgroup. The coe¢cient for the years of EU membership is positive
and signi…cant for both subgroups. Furthermore we …nd that the coe¢cient
di¤ers signi…cantly across groups and is signi…cantly higher for the countries
with lower initial income levels. All the other coe¢cients show the expected
signs. The new model, which splits the countries into two subgroups accord-
ing to their initial income levels, explains around 83% of the variation in
growth.12

Hence while countries with a higher level of development grew faster the
longer they were member of the EU, this e¤ect is even more pronounced when
it comes to the subgroup of less advanced countries.13 This …nding can be

12To check for robustness the model was reestimated using Switzerland as an external
control country. The coe¢cients remained similar in terms of sign, range and signi…cance.
The goodness of …t, furthermore, improved considerably. The results are not reported in
the tables and are available upon request from the authors.

13The exercise was repeated using the relative level of GDP per capita with respect
to the average of current member states as a threshold variable. However, the test for
linearity could not reject the null of linearity at any reasonable signi…cance level. This
suggests that it is the absolute level of development of the country that determines the
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interpreted as another indication for a catching-up process of poorer towards
richer countries in Europe in the sense that with two countries entering the
EU at the same point in time the growth bonus is larger for the less advanced
country.14 Not only do our results show that countries with lower initial
incomes grew faster than the more advanced countries (¯-convergence), the
estimates also imply that countries that exhibit per capita income levels
below the threshold pro…t more from long-term EU membership than richer
countries.15

4 Conclusions and prospects for further re-
search

The empirical study performed in this paper shows that EU membership
has had a positive and asymmetric e¤ect on long-term economic growth. As
the model speci…cation uses openness as a control variable, the growth e¤ect
picked up by the regional integration variable di¤ers from that resulting from
intensi…ed trade and would relate to the improvements in the transmission
of technological knowledge among the EU member states. The results may
be seen as constituting new empirical support for endogenous growth theory
and would imply that it is the relatively less developed countries that pro…t
most from access to the broader technological framework o¤ered by the re-
gionally integrated unit.

However one could argue that technology is not the only factor explain-
ing the growth bonus associated with EU membership. One argument that
may as well be used to interpret the results relies upon the assumption that
…nancial help from the EU to relatively poorer members actually does have
an e¤ect on long-term growth. In fact the EU budget generated major net
…nancial transfers to the four cohesion countries – Greece, Portugal, Ireland
and Spain. In 2000, these net transfers accounted for 3.6 per cent of Greek
GNP, 1.9 per cent of Portuguese GNP, 1.8 per cent of Irish GNP and 0.9 per

asymmetric e¤ect of EU membership on long term growth.
14This, however, does not imply that this growth bonus has actually lead to absolute

convergence of the EU member states. The di¤erent entry dates and the cumulative nature
of the growth bonus has lead to several more advanced economies pro…ting relatively more
from integration.

15In order to check whether the e¤ect – or absence of the e¤ect – of government con-
sumption on growth di¤ers depending on the absolute level of government consumption
in a country, we checked the results for the inclusion of an extra threshold e¤ect on the
parameter of government consumption, with the level of government consumption itself as
a threshold variable. The test, however, was not able to reject the null of linearity at any
sensible signi…cance level.
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cent of Spanish GNP. To a lesser extent, Finland, Denmark and Italy also
showed positive net balances (see European Commission, 2001). Further
research would have to be done, however, to test the hypothesis that the
cohesion funds were indeed successful in driving convergence.

Fölster and Henrekson (2001) …nd a robust and negative relationship be-
tween government size and economic growth. This could provide another
possible explanation for our result that EU membership had a positive im-
pact on growth, as due to liberalization measures inherent to the integration
process the size of the government in EU member states has decreased rapidly
in the last decades. Possible other sources of the growth bonus could be the
stabilization of expectations in the context of the European Exchange Rate
Mechanism or the change in the institutional framework due to European
integration.

The uncertainty surrounding the nature of the underlying driving factors
only allows for a rejection of the basic neoclassical growth model. Further
research would have to be done in order to test the empirical validity of the
endogenous growth model, as the fact that technological spillovers do indeed
drive our result cannot be extracted directly from our study.

One interesting question would be whether our results allow implications
about the EU enlargement process. Our study is based on historical data
for the current EU member states, so we cannot directly apply the …ndings
to the potential accession countries. The structural and institutional dif-
ferences in these economies as compared to the current member states are
sometimes huge, and even the fact that the income levels of all candidate
countries currently lie below our estimated threshold does not allow for the
conclusion that these countries will indeed pro…t more than average from EU
membership.

A straightforward path of extension of the results presented in the paper
would imply applying a similar econometric methodology to an extended
set of countries – allowing for a wider set of controls – or to other forms of
regional integration in order to test for the universality of the results obtained
in the present study.
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Appendix

Data sources
- Real GDP per capita in 1995 USD - computed using the Atlas con-

version factor -: World Development Indicators 2001 - World Bank -
except the data for West Germany (1960-91), which were built from
the International Financial Statistics - International Monetary Fund -
and own calculations.

- Investment Rate: World Development Indicators 2001 - World Bank
- except the data for West Germany (1960-91), which were built from
the Penn World Table 5.5.

- Average schooling years of population over 25: taken from Barro and
Lee (2001).

- In‡ation rate: GDP de‡ator, taken from World Development Indica-
tors 2001 - World Bank - except the data for West Germany (1960-91),
which were built from the World Tables Database - World Bank.

- Government consumption (% of GDP): World Development Indica-
tors 2001 - World Bank - except the data for West Germany (1960-91),
which were taken from the OECD Macroeconomic Country-Level Data-
bank.

- Openness: trade in % of GDP, taken from the World Development
Indicators 2001 - World Bank - except the data for West Germany
(1960-91), which were taken from the Penn World Table 5.5.

Threshold panel data models: estimation and testing
Inference in threshold panel data models has been recently developed by
Hansen (1999). Let yt;i be the dependent variable for cross-section i at time t,
which depends on a set of explanatory variables fxjt;i; j = 1; : : : ; kg according
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to the following speci…cation

yt;i =

(
¹i +

Pk
j=1 ®

1
jx
j
t;i + ut;i if xrt;i · °

¹i +
Pk
j=1 ®

2
jx
j
t;i + ut;i if xrt;i > °

; (3)

for i = 1; : : : ; N and t = 1; : : : ; T ; where ut;i is white noise with variance
¾2. The model is, thus, a piecewise-linear one, where the ® parameters de-
pend on whether the value of xrt;i - the threshold variable - exceeds ° or not.
The threshold value, °, is treated as a parameter to be estimated. Notice
that, for a given value of °, equation (3) can be easily estimated by dividing
the sample into the observations corresponding to xrt;i · ° and those in the
regime xrt;i > °. The parameters can then be estimated using the Within
method [see, e.g., Baltagi (1995)].

Estimating ° implies choosing the estimator °̂ which together with its
corresponding ® parameters, f®̂1j(°̂); ®̂2j(°̂); j = 1; : : : ; kg, minimize the sum
of squared residuals of model (3). The parameter ° only needs to be sought
among the actually realized values of xrt;i after trimming the initial and …-
nal tail of the distribution for identi…cation reasons, as for a given ordered
sample of the realizations of xr for all countries fxr1; xr2; : : : ; xrN£Tg and a
threshold ~° 2 [xrf ; xrf+1) for some f 2 f1; : : : ; N £Tg, then f®̂1j(~°); ®̂2j(~°)g =
f®̂1j(°¤); ®̂2j(°¤)g for all j and for every °¤ 2 [xrf ; xrf+1).

A most important issue in threshold models is that of testing for ®1j =
®2j 8j. The likelihood ratio test would take the usual form

F (°̂) = [S0 ¡ S1(°̂)]=¾̂2;

where S0 refers to the sum of squared residuals under the null of no threshold
e¤ect and S1(°̂) is the sum of squared residuals of the model with threshold
°̂. However, F1 does not have a standard asymptotic distribution, as the
parameter ° is not identi…ed under the null of linearity.16 However, the
distribution of F (°̂) under the null can be replicated by bootstraping, as
proposed by Hansen (1999) based on Hansen (1996): Using the empirical
distribution of the residuals by cross-section, a sample of T values is drawn
for each one of the N cross-sections and, given those values of the error term
and the observations on the xjt;i variables, the bootstrap values of yt;i are
recovered. With the bootstrap sample, the linear and the threshold model
for °̂ are estimated and the test statistic F1(°̂) is computed as indicated
above. This procedure is repeated H times, the values fFh; h = 1; : : : ; Hg

16The testing problem when there is a nuisance parameter which is only identi…ed under
the alternative has been studied by, e.g., Andrews and Ploberger (1994) and Hansen (1996).
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are obtained and the p-value of F (°̂) is taken to be the number of times
that Fh(°̂) exceeds F (°̂), divided through H. Hansen (1996) proves that the
procedure renders asymptotically valid p-values.
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Figure 1: Real GDP per capita: EU-15 countries 1960–1998

Common intercept Fixed e¤ects (one-way) Fixed e¤ects (two-way)
¯ -1.91¤¤¤ (0.20) -3.02¤¤¤ (0.37) -4.88¤¤¤ (1.41)
Obs. 56 56 56
R2

adj 51.3% 62.3% 62.4%

¤¤¤(¤¤)[¤] stands for 1% (5%) [10%] signi…cant.

Table 1: Unconditional ¯-convergence in the EU
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MODEL 1 2 3 4
Initial GDP -5.60¤¤¤(1.44) -3.80¤¤¤ (0.53) -4.73¤¤¤(0.73) -4.74¤¤¤(0.76)
Investment rate 0.13 ¤¤(0.05) 0.13¤¤¤ (0.04) 0.17¤¤¤(0.04) 0.18¤¤¤(0.04)
Years of education 0.12 (0.10) 0.22 (0.16) 0.34¤¤(0.16) 0.35¤¤(0.16)
In‡ation rate -0.12¤¤¤(0.02) -0.11 ¤¤¤(0.02) -0.11¤¤¤(0.03)
Government cons. -0.06 (0.08) -0.01 (0.1) ¡
Openness 0.06¤¤(0.03) 0.06¤¤(0.03) 0.06¤¤(0.03)
Years in the EU 0.04¤(0.02) 0.04¤¤(0.01)
Observations 56 56 56 56
R2

adj 63.8% 76.3% 77.1% 77.7%

All EU countries except Luxembourg included (data for West Germany until 1991, uni-
…ed Germany afterwards), with data ranging from 1961 to 1998, divided into four peri-
ods: 1961–70, 1971–80, 1981–90 and 1991–98. White heteroskedasticity/serial correlation-
corrected standard errors in parentheses. Fixed e¤ects estimation with period-speci…c time
dummies included if jointly signi…cant. ¤¤¤(¤¤)[¤] stands for 1% (5%) [10%] signi…cant.

Table 2: Growth panel data regressions

Single threshold Double threshold
°̂ °̂1 °̂2

Initial GDP per capita (logged) 9.80 9.25 9.80
Bootstrap p-value 0.027 0.169

Bootstrap p-values based on 1000 replications. Threshold values found by grid search in
the central 50% of the distribution of the threshold variable.

Table 3: Testing for linearity

MODEL 1T 2T
Initial GDP -4.09¤¤¤(0.68) -4.47 ¤¤¤(0.65)
Investment rate 0.14 ¤¤¤(0.04) 0.16¤¤¤ (0.03)
Years of education 0.17 (0.14) 0.20 (0.13)
In‡ation rate -0.13¤¤¤(0.03) -0.13 ¤¤¤(0.03)
Government consumption -0.05 (0.09) ¡
Openness 0.05¤¤(0.02) 0.05¤¤(0.02)
Years in the EU£I(y0t · °̂) 0.09¤¤¤(0.02) 0.09¤¤¤(0.02)
Years in the EU£I(y0t > °̂) 0.04¤¤(0.01) 0.04¤¤¤(0.01)
Observations 56 56
R2

adj 83.2% 83.4%

Table 4: Threshold panel data regressions
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Figure 3: Real GDP per capita dispersion: EU-15 countries 1960–1998
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